THE sporozoite when examined in vivo remains for some time unstained, but later stains very deeply without its motility becoming thereby impaired. It is seen in two forms-(a) circular, (b) renalshaped-its size is about 11 microns in diameter, and it is actively motile; occasionally I have seen distinct flagelle attached to it. Besides being found in the scrapings from syphilitic lesions, it can be found in the blood withdrawn from the healthy skin surrounding a chancre and also in the general blood-stream during the stage of general infection. I have found it in the former when I was unable to find the Spirochatta pcallida in the scraping from the sore; therefore the sporozoite is of great diagnostic importance. The sporozoite then becomes intracellular. On two occasions I have seen it in a small mononuclear leucocyte: it remained actively motile while within and ultimately left the cell. The cell it makes its host is a connective tissue cell, and when inside it undergoes important changes, which can best be described under two headings (1) The sporozoite steadily increases in size, and by a process of budding gives rise to several bodies which later become differentiated into male and female elements. By this time the cell is a sac, as all the reserve material has been used up by the mierozoites, but the nucleus still remains although degenerated, and then it finally disappears when the sac gives way and frees the male and female merozoites. Not all the bodies formed in this way are sexually differentiated; there are others which become free with the sexual merozoites and are able to start the cycle again by seeking a fresh connective tissue cell. disappears. These four wpasses, by a process of further subdivision, form a ring and migrate to the periphery of the body, then a picture is given as if the ring had stones mounted in. it the whole way round. By this Pathological Section 87 time the host cell is almost completely degenerated, and one might imagine that the parasite had become extracellular, while it only does so when the host cell is no more. In the centre and around the ring other deeply stained bodies appear, until a picture of a perfect spore cyst is given. This is doubtless the true asexual stage, and the two stages just described represent the schizogony. The sexual generations develop as follows: The male, which is a circular or sometimes oval-shaped body, is actively motile and flagellated. In the course of its progression it approaches a large mononuclear lymphocyte and enters it; it appears to become motionless the moment the cell is reached. Inside the large mononuclear it increases in size and soon loses its karyosome, and then later three pear-shaped bodies are
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at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from 88 McDonagh: Complete Life-history of Organism of Syphilis discernible. The merozoite, as I think it may be called, or the male gametocyte, steadily develops until a coil is formed. In some of the coils deeply stained structures are to be seen; these probably correspond to the pear-shaped bodies above mentioned, and it is also probable that the bodies seen with spikochtat coming off like the spokes of a wheel from its axle are still further developments of the same structures.
In many specimens stained in vivo streptococcus-like chains are numerous, and also many free coccus-like bodies, which come from the former. On careful examination each coccus-like body is found to
Section of syphilitic lymphatic gland stained with pyronin and methyl green. consist of a clear ring which contains in its interior two deeply staining rods one above the other, so that the impression of a diplococcus is given. These coccus-like bodies are motile, and their form is clearly visible when examined with the dark-ground illumination. I cannot be certain whether each rod parts company or becomes one, but nevertheless they increase in length, and finally develop into spirochaetoe. Moolgavkar and I have also demonstrated this development in a culture from a chancre grown in pure ascites flui-d anaerobically, and we found that it took more than a fortnight for even the un-Pathological Section developed spirochEetee to evolve. These coccus-like. chains and bodies presumably develop from the coils. Another body which leaves the connective tissue cell is oval or circular, motile, and occasionally appears to be flagellated, but, instead of staining homogeneously, is a clear body containing a faintly stained chromatin network at its upper pole, and one or two deeply stained rods or dots at its lower pole. The future life of this body is extracellular, and it is doubtless the female gametocyte. The gametocyte increases in size until it equals a red Schizogony as seen in sections. 1-4, sporozoite in connective tissue cell becoming sexual merozoites; 5-13, sporozoite in connective tissue cell becoming asexual spore-cyst. blood corpuscle. In my Giemsa-stained specimens the chromatin network has stained homogeneously, which gives it that crescentic appearance which I described and figured in mny last communication. The deeply staining small dot, or dots, as there may be two, at the lower pole of the cell, which are actively motile, are probably the blepharoblasts, which later leave the cell, as in a number of cells no such body 90 McDonagh: Complete Life-history of Organism of Syphilis is seen. The chromatin network increases in size until it practically fills the centre of the cell, hence the homogeneous staining of the whole cell as seen in Giemsa preparations. Such a cell is probably the female gamete and ready for fertilization.
The act of fertilization I have been fortunate enough to witness, and it occurred after this style: The female cell to the left of the upper more and more extracellular, until it was ultimately free. The cottageloaf body must be the extruded polar body or bodies. The chromatin network became more deeply stained and migrated towards the upper pole, while the spirochaeta which had entered became a deeply stained, more or less rod-shaped body at the lower pole. The chromatin network was now entirely at the upper pole and one half of it had become a homogeneous darkly stained mass, and the whole cell took on a rosepink stain. During the performance the cell suddenly came to a standstill. Examined a little more carefully, I could make out that the male element appeared to divide into two, and becalme connected with the female by delicate deeply stained strands. These strands then FIG. 8. Further division of trophozoite in connective tissue cell. (x 1,500.) appeared tocontract, and so pull up the male element into the female. In the next stage no male element was visible at all, but in the female were two very deeply stained dots which no doubt represented the former. The whole of the chromatin network finally becomes transformed into a deeply staining mass, one part of which remains attached to the circumference of the cell: such a cell is no doubt the zygote. The fertilized females or zygotes can be distinguished from the gametocytes by the fact that in the former the background of the cell is stained while in the latter it remains clear. Fernales can possibly multiply by divisionparthenogenesis-as I have seen larger oval-shaped bodies with an elongated chromatic network on either side, the networks being quite distinct from each other. Division then takes place and two female gametocytes 'are formed. In these bodies no blepharoblasts are to be seen. On the other hand, it is quite probable that the phenomenon so witnessed was mitosis in a plasma cell, as some of the plasma cells in vivo resemble female bodies very closely. The changes of the zygote up to the formation of the spore-cyst do not differ in any way from my previous description, and are well portrayed in the illustrations. Occasionally tiny little spore-cysts about 4 microns in diameter are to be seen, which I cannot help thinking develop fromi escaped sporoblasts from the ookinet.
Frequency of the Different Bodies.-In early active syphilitic lesions the sporozoites are seen to best advantage, and in almost every specimen a coil and spore-cyst are to be found. In some of the glands which I have examined I have found practically nothing else but coils, there being sometimes as many as five or more in a field. In most specimens the female gametocytes and zygotes are to be found in greatest abundance; it seems that neither salvarsan nor mercury has any influence upon them, as Price and I have found them in every lymphatic gland we have examined from patients who have had from one to ten injections of salvarsan. They are equally common in cases which have no symptoms as in those that have, and no relationship can be found to exist between their presence and the result of the Wassermann's reaction.
Traps.-The examination of lymphatic glands is accompanied by innumerable possible pitfalls to which I would like to draw your special attention: (1) Some dark-staining motile dots are frequently to be seen, but they are smaller than the sporozoites. (2) Circular bodies in all sizes from 1 to 7 microns are invariably to be found in every inflamed gland: they resemble superficially the female gametocytes, but can be distinguished by the fact that they contain no chromatin network, and the darkly staining masses of which they are made up are mostly situated in the circumference of the cell itself, so that one or more of these darkly stained masses are crescentic in shape. From fig. 2 you will notice that there is a close resemblance between the mature lymphocytes and the small circular bodies with the crescentic masses, since in both instances the most deeply stained part of the lymphocyte and tiny body is the periphery, which in the former may be stained in its entirety, or more generally irregularly, with a preference for one pole where deeply staining masses are to be found, which ultimately become extracellular. I think it is highly probable that the small bodies referred to are immature lymphocytes. Figs. 11 and 12.-Endothelial cells with protoplasmic masses within, which probably become lymphocytes;. might be mistaken for schizogony in connective tissue cells. (x 1,500.) .. .u ., j at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from 96 McDonagh: Complete Life-history of Organism of Syphilis masses of varying sizes in their protoplasm; the cell ultimately bursts and these masses escape. It is in Giemsa-stained specimens and in sections that these masses are most likely to be mistaken for the connective tissue syphilitic bodies. In the case of the former no bodies should be taken for parasitic unless they have a background, which in my specimens closely resembles the colour of a red blood corpuscle. In sections the distinction is more apparent. The endothelial masses stain a dazzling transparent red (pyronin) and look as if they had no depth in them; the centre is usually clear, or it would be better to say that the most deeply stained part of the mass is the periphery; furthermore, FIG. 13. Fertilized female zygote. (x 1,500.) some of the masses stain green (methyl green), which is some evidence of their not being parasitic.' Far and away the most distinguishing feature is the fact that the syphilitic bodies are massed together in one clear encapsuled space, while the endothelial masses are scattered about anywhere in the cell. The syphilitic bodies, as you will see from fig. 3 ,2 have a rose-pink to red background, with their nuclear structure situated more or less at one pole appearinig eccentrically placed and very deeply stained, sometimes to a very dark red, or even brown, and most of the syphilitic bodies have a clear space or halo -surrounding them. The 'Some of the spores in the asexual spore-cyst stain green. JA-15b 97 similarity in specimens stained in vivo between the extracellular parasitic bodies and the plasma cells, and those red blood corpuscles which contain some chromatin' filaments, should complete the enumeration of the difficulties. The non-syphilitic bodies above described are found in every inflamed lymphatic gland, even in syphilitic glands; therefore, those of you who intend to study this subject should first examine normal glands and glands enlarged from diseases other than syphilis. The method I have used for staining in vivo-viz., with borax methylene blue is carried out as follows: A film of Griibler's borax methylene blue should be made and allowed to dry on a fat-free slide; the scraping to be examined should be placed upon a cover-slip, which should be inverted and pressed down on to the slide, so that no air remains in between; the cover-slip can then be ringed round with wax.
Quite contrary to what might be expected, practically the whole lifehistory of the syphilitic parasite can be followed out in one section from a lymphatic gland which drains the primary sore, if it is removed during the stage of general infection and stained with pyronin and methyl green; even the spirochatal coil is discernible. Lately I have tried staining films with Giemsa after they have been fixed while wet in a hot and then a cold alcoholic solution of corrosive sublimate, and further treating the section before staining with Lugol's solution and sodium thiosulphate. This inethod is no doubt an improvement over the old, but it is laborious, and from a practical point of view cannot come up to the in vivo method of staining with borax methylene blue. It must be remembered that quite a different impression is given of these bodies according to how they are stained. From the above description of the life-history of the organism of syphilis, I think I am justified in assigning it to the order Sporozoa and to the sub-class Telosporidia, since the spores are formed at the end of a cycle. The order is doubtless the Coccidiidea, and the species which most befits it is the Leucocytozoon; hence a good name for the syphilitic parasite would be Leucocytozoon syphilis.
In conclusion, I would like to mention that I have found bodies stained in vivo in the lymphatic glands of rats which have died from an infection caused by Trypanosoma rhodesiense, which are iridistinguishable from the syphilitic macrogametocytes and zygotes, and I have also seen the impregnation of the former by the microgamete, and the details of fertilization fit in exactly with those described as occurring in syphilis.
